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Reaction energies predicted for a variety of EWG-activated alkenes that lead to cyclobutanes Figure S1 is an expanded version of Figure 11 (of the main text), where the results obtained with the Gaussian 16 package S1 for alternative isomers (from alternative approaches of the reactants) are included. Even for these alternative isomers, the reactions examined are exoergic. For enals and enoic acids (e.g., for 2-butenal and 2-butenoic acid, respectively) there are 6-membered-ring isomers that were predicted to be much more stable than the corresponding cyclobutanes (see last row in Figure S1 ).
Approaches between the two reactants (with simple models)
A simple and classical analysis of the frontier MOs (FMO) involved in the approach between the enamine model and (E)-1nitropropene is shown in Figure S2 . The AOs with higher contributions to the HOMO of the enamine model and to the LUMO of (E)-1-nitropropene are reproduced. The system may be viewed as a molecule with 4π electrons on 3 atoms (the enamine) that can strongly interact with a conjugated/polarized double bond (2π electrons). The reaction at its beginning may be deemed, for the sake of simplicity, as a [3 + 2] cycloaddition involving 6π electrons. Afterwards, the activated complex, which cannot fall down to a 5-membered ring because of the valence of N, according to Figure 12 of the main text evolves to a very polar intermediate (zw) if the medium is very polar, which later collapses to the 4-membered ring (cb), resembling a formal [2 + 2] cycloaddition, or to the 6-membered ring, a dihydrooxazine ring (dh) or cyclic nitronate, thus resembling a formal [2 + 4] cycloaddition (which, as pointed out in the main text, is not the focus of interest in this work). In the gas phase the zwitterionic intermediate is "not detected in silico" by any of the DFT approaches we have examined, as could be expected, but collapses with a very small barrier to the 4-membered ring (cb) and/or to the dihydrooxazine (dh). [For a complete reaction profile at the M06-2X/6-311+G(d,p) level, in DMSO, see Figure 12 (of the main text), where it turns out that that 16 is thermodynamically more stable than 17 and that the energy barriers (∆G ‡ ) are lower for 16, i.e., that 16 is both kinetically and thermodynamically favored, as could be expected.] Figure S2 . FMO view of the approaches leading to nitrocyclobutanes 16 and 17. 
Effect of t Bu groups on pyrrolidine/aldehyde/nitroalkene
As supplementary information to that shown in Figures 14 and S3 , we calculated the case where three t Bu groups were present (see Figure S4 ). The energy gaps between the two series of stereoisomers and among their conformers are still higher than those shown in Figure 14 . While repulsions between the t Bu groups at C2' and C3' are expected to be similar for all the conformations, the steric repulsions between t Bu at C2' and the α-CH t Bu and α-CH2 groups of the pyrrolidine ring appear likely to be the main cause of destabilization. The species predicted to be the most stable is highlighted in green (first structure) and that almost as stable as it in pale green. Thus, provided that the starting enamine was formed in non-negligible amounts in appropriate solvents, the large gap in favor of two of the (S)-4-nitrocyclobutylpyrrolidine conformers (with the NO2 group on the right side) promises high stereoselectivity. Figure S4 . Effect of large substituents ( t Bu) on the relative stability of sterically crowded nitrocyclobutane conformers.
The result is that there are usually one or two conformers with the NO2 group on the right (configuration 2S,4'S of the cycloadduct) more stable than any other isomer and conformer. This can be explained by weaker van der Waals (vdW) repulsions. We recall that the more stable cyclobutane forms come from the corresponding E,s-trans enamines, which are predominant in the equilibrium between enamines. 
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Reaction energies for representative ring openings and hydrolysis (complete Figure 18A ) Figure S5 . MP2/6-31G(d) and M06-2X/6-311+G(d,p) relative total energies and, in red, relative free enthalpies (Gibbs free energies) for the reactions between simple enamines and nitroalkene models. 
Alternative approaches of the reactants (cyclopentanone case)
We assumed in the main text, as a working hypothesis, that most reactions of enamines of cyclic ketones with nitroalkenes might also go through cyclobutanes, despite the fact that we only detected one case (one transient species) among several reactions investigated. Calculations favor this point of view. However, at present, the fused cyclobutanes that follow may or should be drawn within brackets, at least for the reactions carried out at rt.
If the approaches between the s-trans and s-cis enamines of cyclic ketones shown in Figure 20 of the main text, producing the all-trans cyclobutanes, are compared to the "alternative" approaches of the nitroalkene, it is predicted that the latter are thermodynamically unfavored.
Calculations predict that this favored intermediate can undergo a ring opening to afford a more stable isomer: the corresponding enamine. Figure S6 . MP2/6-31G(d)//B3LYP/6-31G(d) total energies and, in bold, relative energies in kcal/mol for the approaches that lead to all-trans nitrocyclobutanes and for the alternative approaches.
Other plausible pathways for the ring opening of nitrocyclobutanes
Two mechanisms-from zwitterions and from adduct enamines, Figures 17 and 18-have ben proposed in the main text to explain the ring opening and hydrolysis of nitrocyclobutanes. Another pathway that we considered was the protonation of the pyrrolidine N atom of the cyclobutane, which is a tertiary amine, followed by concerted opening of the fourmembered ring from the appropriate conformer, 16'''H + , as illustrated in Figure S7 (top). Our calculations predicted an exothermic opening reaction and the resulting nitronic acid would then easily isomerize to the final iminium salt, 16-im + , as expected. Although we have not systematically studied the 6-membered rings of dihydroxazine-N-oxides (intramolecular nitronates), as justified in the introduction, 16-dh spontaneously opens in the presence of any acid, after the protonation of its N-oxide (indeed it was hard to find a relative minimum in the gas phase, as the geometry optimization led to the ringopened nitronic acid. Thus, if the medium contains an acid that is strong enough to protonate 16-cb and/or 16-dh as indicated, the rings would spontaneously open. 
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An EA mechanism might also take place from 16'''H + -cb (or any of its conformers): elimination of pyrrolidine, which is β to the NO2 group, to afford a conjugated nitrocyclobutene, followed by the rapid addition of H2O, to afford a 4-nitrocyclobutanol. Also, if the pyrrolidine N atom of 16-cb would take the CH-NO2 proton, pyrrolidine would be removed from the cyclic zwitterion, to afford the same nitrocyclobutene and hence the same cyclobutanol in the presence of water. The resulting 4-nitrocyclobutanol would be spontaneously opened to the corresponding nitroaldehyde. The weakness of this pathway is the strain of the cyclobutene intermediate. Calculations indicate that this mechanism has no chance in apolar solvents, in comparison to the others. A direct substitution reaction from 16'''H + -cb or any of its conformers, with replacement of pyrrolidine by H2O followed by an spontaneous ring opening of the nitrocyclobutanol, might also be considered.
In general, there are often several plausible pathways or variants for reactants to be eventually converted into thermodynamically stable products, for any complex reaction, depending on the electronic features and spatial arrangement of the substituents. On the basis of the experiments accumulated over the past ten years and the calculations here reported, we suggest that in many organocatalytic nitro-Michael reactions, when 0.20 equiv of catalyst are used, the zw intermediates that are generated during the process will easily react with: (1) H2O produced in amounts of around 0.10-0.20 equiv during the enamine formation (and probably surrounding the polar intermediates when the reactions are carried out in apolar solvents), as well as coming from the moisture of reagents and solvents, which are seldom made anhydrous; (2) PhCOOH (usually 0.20 equiv). Indeed, with 1-cb and 2-cb we had been unable to detect nitrocyclobutanes in wet DMSO, in experiments carried out at rt. With substrates less susceptible to hydrolysis, under stoichiometric or substoichiometric conditions, non-anhydrous, in the presence or not of PhCOOH, we had observed by NMR that a part of the reaction intermediates immediately disappeared, to afford the final aldehyde, while another part were nitrocyclobutanes and final/adduct enamines that disappeared more slowly.
Under catalytic conditions, the concentration of aldehyde is generally ≥15 times higher than that of the catalyst, since ratios of 3 mmol of carbonyl compound to 0.2 mmol of secondary amine to 1.0 mmol of nitroalkene are often used. Thus, there is an excess of carbonyl compound (often moist) in relation to the initial/starting enamines and final/adduct enamines during all the reaction time. Nitrobutanals are obtained more readily, due to this aldehyde excess and the wellknown exchange reactions S2 shown in Figure S8 ; these exchanges are catalyzed by trace amounts of H2O that hydrolyze the final enamine with release of pyrrolidine, which is trapped by the aldehyde excess. Thus, the basic secondary amine is "deactivated" or "protected" in the form of the aldehyde enamine (with a significant decrease of the basicity of its N atom), a fact that diminishes the chances of epimerization of the stereocenter α to the CHO group of the final adduct during the last hours of reaction. Our calculations predict a value between 0.7 and 2.2 kcal/mol for the exchange reaction of the Z enamine of 16 ( Figure S8 , eq 1) and of 2.0 ± 0.5 kcal/mol for that involving its E enamine (equilibrium not included in Figure S8 ). For the exchange of isomer Z of 3 a value between 0.6 and 2.8 kcal/mol is expected ( Figure S8 , eq 2), while for its E isomer it may be between 0.0 and 1.0 kcal/mol (equation not included). Taking into account the types of equilibria, the free enthalpy values (Gibbs free energy values) are likely close to these values. Thus, we believe that the beneficial effect of adding an excess of aldehydes relies on the last steps, by helping to shift to the right the equilibria shown in Figure S8 , as much as on the formation of the starting enamines. 
Conformational analysis of the nitro-Michael adducts (4-nitrobutanals)
The conformational analysis of the final adducts indicates that the situation is complex. Though details have been advanced in Figure 17 of the main text, Figure S9 shows the total energies and free enthalpy energies of the lower energy conformations. It is noted that the ap arrangement of the large groups and the hydrogen bonding between the O atom of the carbonyl group and the appropriate hydrogen atom, acidic, of the CH2NO2 group are key. In fact, the methylene groups (CH2) that are neighbors to NO2 groups are much more acidic than OH groups of alcohols. We would draw or envisage 3-hydroxyaldehydes, without any doubt, with a C=O···HO hydrogen, at least in aprotic solvents. Thus, the "syn" final adducts can be depicted with the R and CH2NO2 groups anti.
In view of Figure S9 , the differences between the lowest-energy conformers of the non-epimerized and of the epimerized nitrobutanals were predicted to be small. In H2O and DMSO the gaps were reduced (for the model, 16-nb, vs. its conformers 
and the epimer main conformers) or slightly increased (for 1-nb). Fortunately, the diastereoselectivity is established during the cyclobutane formation step, otherwise mixtures of syn and anti-4-nitrobutanals would be obtained. 
Comparison of fused cyclobutanes from cyclopentanone with cyclobutanes from propanal
Figure 20 (center) of the main text showed the two most stable "chemical entities" of a representative fused cyclobutane, from cyclopentanone, (S)-2-tert-butylpyrrolidine and (E)-1-nitropropene, and of the two most stable conformers of nitrocyclobutane from propanal and the same chiral pyrrolidine and nitropropene. The full drawing, with the calculated energies for all the relative minima, is reproduced here ( Figure S10 ). It is observed that the most stable of the hypothetical fused cyclobutane species has its nitro group on the left (configuration R of the C-NO2 carbon atom), whereas, as it was indicated in Figure 14 , the most stable nitrocyclobutane arising from propanal has its NO2 group on the right (configuration S). The differences in the vdW interactions explain the results, as discussed in the main text. 1.1(0.3 .1(1.9 
16-nb

Relative stability of iminium ions from cyclopentanone and cyclohexanone
The differences between asymmetric nitro-Michael reactions of cyclopentanone and cyclohexanone might depend on the difficulty of protonation of their enamines. However, we calculated that the iminium ions of cyclopentanone and cyclohexanone are similarly stable and that they are more stable (more favored by ca. 8 kcal/mol) than those of any standard aldehyde ( Figure S11 ). The iminium ion from acetone and pyrrolidine was also predicted to be 6.5 kcal/mol more stable than the propanal-pyrrolidine iminium ion (equilibrium not included in Figure S11 ). If the hydrolysis of the final enamines requires or occurs under acid catalysis, the protonation of ketone enamines may be easier than that of aldehydes. In other words, whereas standard aldehyde enamines are relatively more stable than most ketone enamines (because of the further clashes that appear in the case of ketones), iminium ions from aldehydes are less stable than those from ketones. Iminium ions can be viewed as azacarbenium ions: it is understandable that the most substituted cations are more stable than the less substituted.
Thus, when the relative stabilities of iminium salts of the five-and six-membered rings are compared ( Figure S11, eq 3) , the difference is minimal. However, when a large substituent ( t Bu) is introduced into the cyclic ketone, as if an electrophile reacted with the corresponding enamines, the steric repulsion between the two vicinal substituents of the cyclohexene ring (pyrrolidine and t Bu) is higher than between the two substituents of the cyclopentene ring, due to the larger size of the 6membered ring and its bond angles. In fact, calculations predict that the two rings of the cyclohexanone enamine are skewed or twisted-again "the steric inhibition of resonance"-while those of the cyclopentanone enamine are almost coplanar. Starting from coplanar geometries of the t Bu derivative of the cyclohexanone enamine, both B3LYP/6-31G(d) and M06-2X/6-311+ G(d,p) methods arrived at partially twisted minima ( Figure S11, eq 4) .
Further calculations predicted that the differences in the steric repulsions between the two rings (pyrrolidine and cyclohexane vs. pyrrolidine and cyclopentane) are very significant in substituted cycloalkenyl enamines, or adduct enamines, such as those shown in Figure S11 (eq 4), but relatively small when substituted-pyrrolidine iminium ions are compared. 
Acyclic ketones
Acyclic ketones are less prone to involvement in secondary amine-catalyzed reactions than aldehydes and cyclic ketones, due to the very low enamine concentrations in the medium (ref 5 of the main text). For a pioneering work with proline, see ref 8e
. In general, the yields are expected to be poorer or the completion of the reactions would require several days or weeks. This is the case if there are large substituents close to the pyrrolidine NH, due to the steric inhibition of resonance, as repeatedly mentioned. It is wise to disregard organocatalysis and return to the well-established chemistry of lithium enolates, silyl enolates, chiral boron or titanium enolates, and so on. Moreover, a regioselectivity problem arises with ketones of formula R-CO-R' (with two different enolizable alkyl chains) that does not occur with aldehydes, acetone, and simple cyclic ketones. In spite of these practical "limitations", we calculated several examples of acyclic ketones: acetone (2propanone), ethyl methyl ketone (2-butanone), diethyl ketone (3-pentanone), and phenylacetone (1-phenyl-2-propanone).
The results are summarized in Figure S12 . (eq 1) (eq 2) (eq 3) (eq 4) Figure S12 . Hypothetical cyclobutanes from acyclic ketones. Expected major nitroketones. As always, total energies are in a.u., ∆E in kcal/mol, and relative gaps among isomers, in bold, in kcal/mol.
All the formal [2 + 2] cycloadditions shown in Figure S12 are in principle as feasible as (or almost as "shifted to the right" as) those from aldehyde enamines. However, these fused cyclobutanes should be written within brackets, as none has been detected to date. Under equilibrium conditions, the cyclobutanes highlighted in green may predominate, even if some other conformers of the starting ketone enamine were more abundant.
Regarding chiral acetone enamines on the left in Figure S12 , it is observed that the s-cis enamine is (slightly) favored when the pyrrolidine substituent is the CH2OSiMe3 group and when it is the t Bu group and that one cyclobutane stereoisomer, highlighted in green, is moderately favored. Therefore, it can be predicted that the ee% of the final ketone (5-nitro-4-phenyl-2-pentanone, Figure S12 , left column) would be moderate or good, but not excellent, starting from acetone and β-nitrostyrene, with these or similar pyrrolidine derivatives as catalysts.
General experimental methods
Analytical thin-layer chromatographies (TLC) were carried on 0.25 mm silica gel plates (F254) and revealed by UV (254 nm) and/or by reaction with an acidic solution of p-anisaldehyde or a basic solution of KMnO4; retention factors (Rf) are approximate. Flash column chromatographies were carried out on silica gel 60 (35-70 µm). 1 H NMR spectra were recorded on 400 MHz spectrometers and reported in the usual order: chemical shifts in δ (ppm), with the solvent resonance as the internal standard (residual CHCl3 in CDCl3, 7.26 ppm; residual CD2HSOCD3 in DMSO-d6, 2.50 ppm; residual C6D5H, 7.16 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br s = broad singlet, m = multiplet), coupling constants in Hz and integration. 13 C NMR spectra were recorded at 100.6 MHz with proton decoupling; chemical shifts are given in 39.5 ppm; C6D6, 128.1 ppm) . 2D NMR spectra were carried out to assist in structure elucidation and signal assignments. HRMS were obtained by using ESI-TOF techniques.
Commercially available (E)-1-phenyl-2-nitroethene (β-nitrostyrene) was used everywhere. (E)-3-Methyl-1-nitro-1butene and (1E,3S)-3-(tert-butyldimethylsilyloxy)-1-nitro-1-butene, which are known compounds, S3 were prepared from the corresponding aldehydes, commercially available, by a standard Henry reaction followed by dehydration. S4 4-Nitrobutanals and 2-(2-nitroethyl)cycloalkanones (nitro-Michael adducts) are also known compounds.
Preparation of prolinol derivatives B-I
Benzyl (1S,4S) -5-aza-2-oxa-3-oxobicyclo[2.2.1]heptane-5-carboxylate S5 was prepared from commercially available (2S,4R)-N-benzyloxycarbonyl-4-hydroxyproline, i.e. trans-4-hydroxyproline protected with the Z group (Z = Cbz = COOBn), via a Mitsunobu lactonization reaction. Treatment of the product with NaBH4 in THF opened such a lactone to afford the known diol, S6 benzyl (2S,4S)-4-hydroxy-2-(hydroxymethyl)pyrrolidine-1-carboxylate.
Representative procedure for the silylation of N-benzyloxycarbonyl prolinediol. The above N-protected diol (402 mg, 1.60 mmol), tert-butyldimethylsilyl chloride (530 mg, 3.52 mmol) and imidazole (328 mg, 4.80 mmol) were added under N2 to anhydrous CH2Cl2 (10 mL). The mixture was stirred overnight at 37 ºC. The organic solution was thrice washed with water, dried over Na2SO4, and filtered. The solvent was removed under reduced pressure to afford an oil, which was purified by flash column chromatography on silica gel with CH2Cl2, to afford the N-protected catalyst E (730 mg, 95%).
Typical procedure for the removal of the Z group. A solution of the protected prolinediol just mentioned (240 mg, 0.50 mmol) and Pd/C (50 mg) in anhydrous MeOH (4.5 mL) was purged with N2 and stirred overnight under H2 (balloon). The mixture was filtered on Celite ® , which was washed with MeOH. The solvent was removed under reduced pressure to yield the desired prolinediol (in this example, catalyst E, 162 mg, 94%).
Catalyst B, (2S,4S)-2-[(tert-butyldiphenylsilyloxy)methyl]pyrrolidin-4-ol, yellow oil; 1 H NMR (CDCl3, 400 MHz) δ 7. 68-7.61 (m, 4H), 7.44-7.35 (m, 6H), 4.34-4.28 (m, 2H) , 3.72-3.64 (m, 2H), 3.22-3.16 (m, 2H), 2.94-2.82 (m, 2H), 1.03 (s, 9H); 13 C NMR (CDCl3, 100.6 MHz) δ 136.1, 135.3, 131.5, 128.8, 75.7, 68.7, 62.3, 56.2, 37.5, 28.5, 22 4, 129.5, 128.6, 128.2, 127.8, 127.4, 73.2, 65.3, 59.7, 55.6, 37.9, 25.5, 24.3, 18.6, 18.2; [α] 66 (m, 2H) , 3.20 (m, 1H), 2.88 (dd, J = 11.2, 4.6, 1H), 2.84 (dd, J = 11.6, 3.3, 1H), 2.03 (ddd, J = 13.4, 7.9, 6.6, 1H), 1.51 (ddd, J = 12.9, 6.5, 3.7, 1H), 1.06 (s, 9H), 0.86 (s, 9H), 0.03 (s, 3H) 0.03 (s, 3H); 13 C NMR (CDCl3, 100.6 MHz) δ 137.1, 135.2, 131.1, 129.2, 74.9, 67.8, 61.4, 57.3, 39.7, 28.4, 27.4, 20.8, 18.3, -4.6 ; HRMS (ESI+) calcd for C27H44NO2Si2 + [M+H + ] 470.2905, found 470.2906.
Catalyst E, (2S,4S)-4-(tert-butyldimethylsilyloxy)-2-[(tert-butyldimethylsilyloxy)methyl]pyrrolidine, yellow oil; 1 H NMR (CDCl3, 400 MHz) δ 4.30 (m, 1H), 3.67-3.60 (m, 2H), 3.14 (m, 1H), 2.86 (m, 2H), 2.00 (m, 1H), 1.46 (m, 1H), 0.90 (s, 9H), 0.80 (s, 9H), 0.12 (s, 6H), 0.04 (s, 6H); 13 C NMR (CDCl3, 100.6 MHz) δ 73.4, 65.5, 59.9, 55.8, 38.1, 20.8, 20.2, 19.3, 18.7 18.5, 18.2, -4.6, -4.7, -5.2, -5.1; [α] 20 D +1.04 (c 1.00, CHCl3). HRMS (ESI+) calcd for C17H40NO2Si2 + [M+H + ] 346.2592, found 346.2591.
For Catalyst F, see ref S7 . Catalyst G, (2S,4R)-4-(tert-butyldiphenylsilyloxy)-2-[(tert-butyldiphenylsilyloxy)methyl]pyrrolidine, yellow oil; 1 H NMR (CDCl3, 400 MHz) δ 7.66-7.60 (m, 8H), 7.44-7.33 (m, 12H), 4.40 (m, 1H), 3.65-3.48 (m, 3H), 3.01 (dd, J = 11.6, 4.9, 1H), 2.89 (dd, J = 11.6, 2.6, 1H), 1.81 (m, 1H), 1.62-1.55 (m, 1H), 1.05 (s, 9H), 1.00 (s, 9H); 13 C NMR (CDCl3, 100.6 MHz) δ 137. 2, 137.1, 137.1, 131.1, 129.1, 75.6, 67.6, 60.3, 56.9, 39.5, 28.4, 28.3, 20.7, 20.6 5, 129.3 128.6, 128.3, 127.6, 127.8, 127.2, 72.2, 65.6, 57.3, 55.7, 35.9, 26.2, 25.2, 21.5, 20 .3, -2.9, -3.1; [α] 20 D -10.3 (c 1.00, CHCl3); HRMS (ESI+) calcd for C27H44NO2Si2 + [M+H + ] 470.2905, found 470.2904.
Catalyst I, (2S,4S)-4-(tert-butyldimethylsilyloxy)-2-[(tert-butyldimethylsilyloxy)methyl]-4-methylpyrrolidine, colorless oil; 1 H NMR (400 MHz, CDCl3) δ 3.08-2.79 (m, 3H), 2.01-1.73 (m, 2H), 1.37-1.29 (m, 3H), 0.89-0.83 (m, 18H), 0.16-0.05 (m, 12H); 13 C NMR (100.6 MHz, CDCl3) δ 74. 0, 68.4, 60.3, 43.6, 32.2, 28.1, 27.9, 26.3, 26.0, 18.5, 18.2, -1.3, -1.8; [α] 20 D -10 (c 1.00, CHCl3); HRMS (ESI+) calcd for C18H42NO2Si2 + [M+H + ] 360.2749, found 360.2745. In this case, the precursor, 1-benzyl 2-ethyl (S)-4-oxopyrrolidine-1,2-dicarboxylate, a known compound, S8 which we prepared by oxidation with Dess-Martin periodinane of 1-benzyl 2-ethyl (2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate, was treated with MeMgBr in Et2O at -20 ºC, followed by addition of an excess of DIBALH, to afford the desired diol, benzyl (2S,4S)-4-hydroxy-2-(hydroxymethyl)-4-methylpyrrolidine-1-carboxylate. S9 Protection of the hydroxy groups and removal of the Z group, as above, gave catalyst I.
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Reactions of cyclohexanone with β-nitrostyrene
The reaction of cyclohexanone with β-nitrostyrene was compared in the presence of catalysts A-I (silylated prolinol derivatives). The best results, regarding yields, syn/anti ratios (dr) and ee% of the major syn adducts, which were obtained with D and E, are summarized in Table S1 . Other results are commented below. Although with the other catalysts the conversion percentages were also excellent and syn/anti ratios were ≥90:10 (with the exception of H, a trans-disubstituted derivative, which gave conversions of 75% in hexane, as well as of C, the sterically more crowded pyrrolidine, which showed negligible conversions), the problem was the enantiomeric excesses of the major syn adducts, which were between 50% and 80% in hexane.
As indicated in the main text, analogous reactions with aldehydes afforded disappointing syn/anti diastereomeric ratios (ca. 65:35) and enantiomeric ratios (38-70% ee) with all these catalysts. 
Selection of NMR spectra
The spectra reproduced in this section were registered in deuterated benzene (residual C6D5H at 7.16 ppm, C6D6 at 128.1 ppm) and/or, when it is indicated, in DMSO-d6.
Figure S13. 1 H NMR spectrum of nitrocyclobutane 1-cb
Figure S14. 1 H NMR spectrum of nitrocyclobutane 2-cb
Traces of the starting materials (butanal and β-nitrostyrene in this case) are detected in many spectra, but the main product is the all-trans cyclobutane. The proton at δ 4.74 shows cross peaks with those at 3.32 and 3.22 ppm, as expected. These last two protons show a cross peak with that at 1.95 ppm. In C6D6, two sets of cyclobutane signals are clearly observed in ca. 2:1 or 1:2 ratio. The major isomer shows signals-doublets of doublets that look like triplets-at 4.76, 3.96, and 3.28 ppm, and the fourth cyclobutane proton at 1.94 ppm (see COSY), while the minor isomer shows dd at 5.00, 3.76, and 3.19 ppm, and the fourth cyclobutane proton at 2.06 ppm. The ring opening and hydrolysis of the mixture did not afford good enantioselectivities. In agreement with these experimental results, MP2/6-31G(d)//B3LYP/6-31G(d) and M06-2X/6-311+G(d,p)//B3LYP/6-31G(d) calculations predict that the lowestenergy conformer for the species with the nitro group on the right in the upper scheme (-1146.36762 and -1149.80786 a.u., respectively) and that for the species with the nitro group on the left (-1146.36928 a.u. and -1149..80897 a.u., respectively) are close in energy, as in Fig. 16 (top) , and several low energy conformers of both stereoisomers are also quite close in energy. It confirms a known fact: methyl (S)-prolinate is not useful in aminocatalysis. A second triplet, of the minor isomer (presumably with the NO2 group on the left and the iPr group on the right of the formula, which after ring opening and hydrolysis gives rise to the minor enantiomer of the nitro-Michael reaction), is detected at δ 5.10 (see COSY for the cyclobutane protons to which it is coupled). Remaining substrates and reagents, a trace of CH2Cl2 (at δ 5.73 in DMSO-d6, an impurity present in the sample of the secondary amine that was used in this experiment, which partially overlaps the triplet owing to CHNO2 of the major nitrocyclobutane) and a trace of water (at δ 3.30, which overlaps a cyclobutane proton as evidenced in the following spectra) are also present. Another minor all-trans cyclobutane isomer is detected (dd that looks like a triplet at δ 5.25). Whereas the CHNO2 methine of the major cyclobutane (δ 4.86 ± 0.03) shows cross peaks with the dd at 4.22 and 3.41 ppm, that of the minor isomer (δ 4.79-4.81) shows cross peaks with the dd at ca. 3.68 and 3.33 ppm. Etc. That is, the presence of starting materials and enamines (owing to the instability of cyclobutanes at rt) do not prevent the analysis of the reaction mixtures through the 2D NMR spectra. N-(1-cyclohexenyl) pyrrolidine with β-nitrostyrene (Fig. 19, eq 1) in C6D6 spectrum #7 t = 4 h spectrum #6 t = 20 min spectrum #5 t = 12 min spectrum #4 t = 8 min spectrum #3 t = 4 min spectrum #2 (after addn of β-nitrostyrene) spectrum #1, starting enamine
To the starting enamine in C6D6 (spectrum #1, with residual C6D5H at δ 7.16), cooled to 5 ºC, β-nitrostyrene (ca. 0.7 equiv) was added. The NMR tube was shaken and the 1 H NMR spectrum was immediately registered (spectrum #2), at the probe temperature. The reaction was rapid, since the spectra at t = 12 min, t = 20 min, and t = 4 h (spectra #5-7) were almost identical. The 4.9-3.8 ppm region is expanded below.
Enamine 24-en was the major product, as confirmed by COSY and HSQC experiments, which are included below, and by smooth hydrolysis of the tube content, which afforded the well-known syn-adduct, rac-2-(2-nitro-1-phenylethyl)cyclohexanone. Figure S75 . Monitoring of the reaction of a cyclopentanone-derived enamine with an aliphatic nitroalkene (Fig. 19, eqn 3) in C6D6 spectrum #6 t = 15 min spectrum #5 t = 12 min spectrum #4 t = 9 min spectrum #3 t = 6 min spectrum #2 (after addn of the nitroalkene) spectrum #1, starting enamine, broad triplet at δ 4.16, with a residual peak of CH2Cl2 at δ 4.46 in such a medium, used as a reference
The doublet (δ 5.11, J = 7.5 Hz), attributable to the CHNO2 group of the cyclobutane of the bicyclo[3.2.0] system, which appears at the beginning of the reaction decreases few min later, while a dd at 4.62 ppm and related signals, corresponding to a CHCH2NO2 moiety, increase. The lack of a cross peak in the HSQC spectrum that can be assigned to an olefinic proton of adduct enamines suggests that, in this particular case, the main resulting enamine that appears, among other intermediates and byproducts, is that depicted above. 
